This paper describes the methodology adopted in the construction of an annotated corpus for the study of zero anaphora in Portuguese, the ZAC corpus. To our knowledge, no such corpus exists at this time for the Portuguese language. The purpose of this linguistic resource is to promote the use of automatic discovery of linguistic parameters for anaphora resolution systems. Because of the complexity of the linguistic phenomena involved, a detailed description of the different situations is provided. This paper will only focus on the annotation of subject zero anaphors. The main issues regarding zero anaphora in Portuguese are: indefinite subjects, either without verbal agreement marks or with first person plural or third person plural verbal agreement; position of the anaphor relative to its antecedent, i.e. anaphoric and cataphoric relations; coreference chains inside the same sentence and spanning several sentences; and determining the head of the antecedent noun phrase for a given anaphor. Finally, preliminary observations taken from the ZAC corpus are presented.
Introduction
In many linguistic situations, redundant NPs, usually already present in a previous utterance or in a previous constituent of the same utterance may be reduced to pronoun or to zero (NP deletion) in order to avoid redundancy [1] .
(1.1) *John went to school and then John went to the mall ( 
1.2) John went to school and then [he went] to the mall
Portuguese has a very rich verbal inflection, and the subject can easily be recovered through verbal inflection.
The grammatical rules governing NP deletion may vary among languages, even among different varieties of the 'same' language, as in the case of Brazilian ( bp ) vs. European Portuguese ( ep ). For example, the Portuguese equivalent for the examples (1.1)-(1.2) should be: In the previous examples, the reduction of the verb imposes the subject NP deletion; otherwise it can be reduced, in Brazilian Portuguese, both to pronoun and to zero, while in European Portuguese only zero-reduction is allowed.
In order to correctly resolve zero anaphora [2] , NLP systems require (a) the correct identification of the zero anaphor and (b) the correct identification of the antecedent of the zero anaphor 1 . Several strategies can be used to achieve this goal. For machine learning techniques, an annotated corpus is required.
This paper describes the methodology adopted in the construction of an annotated corpus for the study of zero anaphora in Portuguese, the ZAC corpus. To our knowledge, no such corpus exists at this time for the Portuguese language. The purpose of this linguistic resource is to promote the use of automatic discovery of linguistic parameters for anaphora resolution systems 2 . Our ultimate goal is to implement a module for zero anaphora resolution in the Portuguese grammar [3] developed under Xerox Incremental Parser (XIP) [4] .
Because of the complexity of the linguistic phenomena involved, a detailed description of the different situations is provided. This paper will only focus on the annotation of subject zero anaphors. The main issues regarding zero anaphora in Portuguese are: indefinite subjects, either without verbal agreement marks or with first person plural or third person plural verbal agreement; position of the anaphor relative to its antecedent, i.e. anaphoric and cataphoric relations; coreference chains inside the same sentence and spanning several sentences; and determining the head of the antecedent noun phrase for a given anaphor. Finally, preliminary observations taken from the ZAC corpus are presented.
Building the corpus
To our knowledge, there is no available corpus marked up with deleted subject NPs. Because of this lack on linguistic resources, an annotated corpus has been built for this study. The corpus consists on a set of full and partial texts retrieved from the web, and digitalized from books, encompassing several genres, namely journalistic and literary text from contemporary authors. The corpus is provided in text format, but the annotation adopted can be easily converted into other formats. Table 1 shows the breakdown per genre type of the ZAC corpus current content. 
Annotating the corpus
The corpus was annotated by two annotators working together. General notation is as follows: Zero anaphors are marked by a zero symbol '0' inside brackets [], followed by an equal sign '=' and the arrow symbols '<' and '>', corresponding to anaphora and cataphora relations, respectively, and a word indicating the head of the antecedent noun phrase (NP).
Annotated cases a) deleted subject
Only deleted subject of non-auxiliary verbs are to be marked. Verbal chains with auxiliary verbs whose subject has been zeroed count as a single verb form, hence there will be only one anaphor marked (3. The epigenetic processes can also occur by the modification of histones, the lines that involve the DNA and form a ball
b) noun phrases
For NPs whose head is a nominal determiner, for example conjunto 'set' (3.5) and maioria 'majority' (3.6), it is this head noun that the zeroed anaphor is referred to, even if the semantic head of the noun phrase is the complement of that determiner Over the decades, however, people just went deeper into poverty
Compound proper names (named entities, in majuscules) are considered a single token and therefore, will be referred to in the notation of zero anaphors. In the case of titles in apposition with proper names, the two elements are considered together as the head of that NP (e.g. Dona Marta 'Mrs Marta').
In the case of coordinated antecedent NPs or PPs, only the first head noun is to be referred to by the zero anaphor, but with the special notation ',&' after that head noun.
With the so-called pronominal use of definite and indefinite articles, as well as with demonstrative pronouns, the zeroed noun is not to be referred to in the following zero anaphor and hence a pronominal analysis is adopted for these words (3. In this example, the first person plural may correspond to: a) a real plural, referring to the speaker and his/her team of researchers; b) a modesty plural, referring to the speaker; or c) the indefinite (generic) subject, referring to the scientific community as a whole. Naturally, such ambiguities cannot be resolved at this stage.
Sentences with zeroed subject and with the verb in the third-person plural will be annotated The participants agreed on a bold program for combating the deterioration of land, air and water.
Coreference chains
[They] also decided to pursue economic growth without degrading the environment However, if in the discourse the first-person plural is used as an indefinite and there is no necessary coreference chain between two (far apart) [0=1p] instances, the signs for anaphoric (<)/cataphoric (>) relation are not used.
In a coreference chain within the same sentence, if the antecedent of a zero anaphor 0 2 is also another zero anaphor 0 1 , the head of the antecedent NP of the later 0 1 is repeated.
In certain cases, a coreference chain can be determined among indefinite subjects; in this (relatively rare) situation, the coreference relation is marked [0=<indef] . The same happens with other indefinite subjects, such as the firstperson plural (1p), and the third-person plural (3p).
Excluded cases
In the annotation, some cases were excluded.
a) adjectives
The subject of adjectives is only marked if they appear with their copula verb (e.g. ser, estar, 'to be') (3.18). Therefore the zeroed subjects of adjectives in apposition are not marked (3. 
c) reduced gerundives
Like adnominal and appositional adjectives, in reduced gerundives resulting from relative clauses the subject is considered to be explicit and it is not marked (3.24).
Otherwise gerundive adverbial clauses need the marking of zeroed subjects (cfr. In the case of direct speech (for example, in interviews) the first-person subject and the second-person (eventually the você personal pronoun, corresponding to a second-person but imposing to the verb a third-person agreement), if zeroed, are not to be marked.
In much the same way, the zeroed subject of imperative sentences; direct, total (yes/no) or partial (wh-); interrogative sentences; question tags; and exclamative sentences, where the speaker or the addressee are integrated in the discourse, are not to be marked. For indirect interrogative subordinate clauses with interrogative qu-(wh-) pronouns (question cachée), the pronoun is considered the head of the clause and can be referred to by a zero anaphor (3.27): The North Koreans are not being treated as the Iraqis because it is assessed that the strategy [that is] being followed is to prohibit an enemy country from being able to obtain nuclear weapons
In this example, the NP a estratégia a ser seguida (the strategy being followed) is analyzed from the reduction of the relative clause a estratégia que está sendo seguida (the strategy that is being followed).
Preliminary results
In this section we present preliminary results from the annotation process of the ZAC corpus. Table 2 presents the breakdown per genre of indefinite and impersonal subjects in the corpus. This type of subjects does not correspond to zero anaphors and their identification constitutes a linguistic challenge for any anaphora resolution system. Overall, they represent 401 (26.93%) from all zero subjects in the ZAC corpus. Figure 1 provides a comparative overview of this subject types. The 1p and 3p indefinite zero-subject types may be targeted by using the verbal inflection as a clue and in the absence of any other candidate antecedent NP; they still represent around 10% of the corpus zeroed subjects. Indefinite zeroed subjects, without 1p or 3p inflection associated, are harder to identify. Usually with verbs in the infinitive, they represent another 10% of the zeroed subjects. Finally, the identification of impersonal constructions (around 7% cases) heavily relies on the resolution of other syntactic issues such as auxiliary constructions and temporal expressions 5 . Table 3 presents the breakdown of anaphoric and cataphoric zero anaphora per genre and also distinguishes the anaphora with intra-(< , >) and intersentencial (<< , >>) antecedent. 5 Since [2] do not provide explicit figures on this zero subject types it is not possible to compare our results with theirs. Nevertheless, it would be interesting to compare equivalent linguistics phenomena in both languages, Portuguese and Spanish. As one can see, cataphora is a relatively rare phenomenon, affecting a little over 3% of all anaphors in the corpus. Intrasentencial anaphora (<) represents 65% of all anaphors while intersentencial anaphora (<<) constitutes 34%.
There seems to be little difference among genres as far as anaphora/cataphora ratio is concerned. On the other hand distinction between intra-and intersentencial anaphors is much clearer as one can see from Figure 2 . News and special reports genres show clear predominance of intrasentencial anaphora (around 80 and 70%, respectively); fiction (romance) and chronicle show average intrasentencial anaphora (around 60 and 50%, respectively); and finally fiction (short stories) only presents 40% intrasentencial anaphora. However, since the corpus is relatively small and only includes a few genres these differences may vary if a larger corpus was available and if it included other genre types. The 23 special cases of 0(clause) (7 cases) and 0(que) (15 cases) represent a very rare phenomenon (1.5% of all zero subjects). The last resort '?' notation for 39 cases where a positive identification of antecedent NP is impossible represents 2.6%.
Future work
Based on these preliminary results we intend to develop a rule-based grammar for the identification of impersonal subjects that is to be integrated in the Portuguese grammar for XIP [3] [4]. The temporal expressions have already been identified [7] . Auxiliary verbs involving verbs ter 'to have' and haver 'there be' are currently being implemented in XIP. It is likely that the remaining constructions of these verbs without explicit subject may be captured by rules of the XIP expressive formalism.
Secondly, we envisage a rule-base approach for the detection of the main syntactic configurations involving zero anaphors namely subordinate clauses. This sentence contains two prepositional phrases with infinitives (de alterar 'of changing' and para deter 'for stopping'). These phrases constitute two VINF chunks ( Figure 3 ). Since there is no NP marked with a SUBJ[ect] dependency on those verbs yet, a rule could produce with some confidence the zero anaphor.
Once the rule-based approach attains its limits, we intend to explore the machine learning techniques described by [2] and [9] .
